Slender speedwell (Veronica filiformis Smith, family Plantaginaceae) is a non-native and invasive species of grassland in the Europe. The aim of the study was to test the ability of the growth and spreading in nine differently managed grasslands (mowing, mulching, grazing). The best survival was found in two-years mowed lots with fertilisation and in all lots with not permanent cattle pasture crops. There were found the highest number of survived plants and plants with big "rosette" diameters. Number of survived plant for two seasons was 18 and total number of vegetative peaks per plant was 688. The potential for the spreading of such plant population is great. On the other hand, plants did not survived in lots with mulch treatment and in fenced lots with permanent cattle grazing.
INTRODUCTION
Structure of grass cover can be influenced by invasive and expansive plant species. Mainly invasive species (PERGL et al. 2016) are in the centre of attention. Traits predetermining the ability to invade are neither easily nor unambiguously set. It is often the case that successful invasive plant species can show very opposing traits (PYŠEK 2001) . The success can be supported by high production of seeds and fruits on one hand, and on the other hand by total absence of reproductive propagation, substituted with intense vegetative spread. Generally speaking, conditions for invasion are competition ability, fertility, seed germination, fast growth and a large production of biomass (PYŠEK 2001) .
Growth and absence of generative reproduction are characteristic for Slender speedwell (Veronica filiformis Smith, family Plantaginaceae). This species comes from the western Caucasus, classified as domesticated neophyte in the Czech Republic (PYŠEK et al. 2012) . Currently it is common in central, northern and north-western Europe (SCALONE & ALBACH 2012) , in North America (USDA, NRCS 2016) and New Zealand (WEBB et al. 1988) .
Slender speedwell is a low dicotyledonous herbaceous plant with a procumbent stem, delicate round leaves and fine blue-white blossoms. Stems can root by adventive way in nodes, create other vegetative apexes, and thus enable quick vegetative regeneration (HARRIS & LOWELL 1980a; ŠERÁ 2012) . The plants have a low genetic variability created by a limited number of clones. The production of pollen and seeds is also low, seeds either have low germination, or they are not developed at all (SCALONE & ALBACH 2012) .
In our conditions Slender speedwell always preferred and prefers grasslands and mowing lawns (SOJÁK & ŠOUREK 1959; JEHLÍK 1961 JEHLÍK , 1998 JEHLÍK & SLAVÍK 1967; PENIAŠTEKOVÁ & ZLINSKÁ 1995; KAPLAN et al. 2016) . It is ranked among synanthropic species spreading by planting or by swiping of agricultural and small municipal engineering (MÜLLER & SUKOPP 1993) . Particularly colder and wetter conditions suit him (HARRIS & LOWELL 1980b; SCALONE & ALBACH 2012) .
Slender speedwell propagates mainly in grass covers, and is able to regenerate from vegetative parts. However, little is known about the influence of various types of management on the species propagation. This paper presents the results of an experiment focused on the influence of various frequency grass moving and grazing on mesophilic meadows and pastures with regard to the propagation possibilities of this species. We assume that the Slender speedwell will prosper only under the some type of the tested managements. This kind of management will be the "risk" for grassland, because it may encourage the spread of this invasive species.
MATERIAL AND METHODS

Experimental location and lots
The experiment was run on a grass location called Velký Chuchelec, which are experimental grounds of the Department of Plant Production and Agroecology, the Faculty of Agriculture at the University of South Bohemia in České Budějovice. The grounds are located at the foothills of the Šumava on the western part of the Kaplice basin. The climate has a highland character of moderate to lower humidity, slightly influenced by the rain shadow of the Šumava and the Alps. Average monthly temperatures and precipitation are shown in Table 1 . Other characteristics: altitude of 650 m a. s. l., slope of 11°, ESE exposure, soil deep cambisol, N 48°45'26'' E 14°44'76'').
The experimental grounds of Velký Chuchelec is divided into lots of 3x10 metres which are managed by mowing (harvesting), mulching and cattle grazing in the long-term run (Fig. 1) .
Tab. 1:
The average monthly air temperature and average monthly precipitation at the location Velký Chuchelec. Data come from the local university hydrometeorological station 
Long-term management (mowing, mulching, grazing)
Experimental mowing lots are cut from 1 to 3 times a year with an MF-70 grass cutter, the length of grass set to 4-5 cm. The harvested biomass is immediately removed. A Vari-Tajfun mulcher is used in case of mulching management, combined mulching and mowing, or mulching and grazing option. The mulch is kept on the location. One of the two-harvest lots in manually fertilized with NPK fertilizers, in the annual amount of 100 kg N, 30 kg P and 50 kg K per 1 ha (fertilizers: ammonium nitrate with lime 27.5% N, granulated triple superphosphate 45% P 2 O 5 and potassium nitrate 60% K 2 O). A doze of nitrogen was applied separately 70 kg N per 1 ha in the spring and 30 kg after the first harvest. Fenced grazing is 2-4 times a year, and/or continuous grazing. The cattle herd consisted of two breeds, Charolais and Simental. Further details on the lot management are in KOBES et al. (2013) .
Our experiment was run during 2010 -2012 on experimental lots having three basic managements (mowing, mulching, grazing) with more options. We had 9 management options (all together) and each management option in three repetitions (see Fig. 1 ):
Mowing (M): M1 -1 one-mowing per a year, M2 -two mowings per a year, M3 -three mowings per a year, M2NPK -two mowings and a fertilisation per a year, Mulching (Mmulch): M2mulch -two mowings and mulch per a year, Grazing (G): G2 -two grazings per a year, G3 -three grazings per a year, G4 -four grazings per a year, Gcont -continual grazing.
Plant material
The source of the plant material was a population of Slender speedwell (Veronica filiformis) taken in the spring of 2009 from the region of Velké Skaliny (foothills of the Novohradské hory Mountains, N 48°44'49.2'' E 14°34'43.4''). Individual plants were generated vegetatively from that material and grown in separate pots (3 x 3 x 6 cm), using a standard substrate (AGRO with active humus). 270 healthy plants of minimum stem length 4.5 cm were used in the experiment.
Slender speedwell growing
The plants were planted in the lots (see above, Fig. 1 ) managed in various ways in the spring of 2010 in a way avoiding a marginal effect and potential inner-species influences (at minimum 0.5 m distance). 10 plants were used on each lot, 3 lots for each type of management (30 plants During vegetation, the following aspects were measured 2-3 times a year: number of living individuals, diameter of the "rosette" (maximum length of the plant laid on the ground) and a total number of apexes on the plant. The length of the plants at the beginning of the experiment was used as the basis (100%) for evaluation of growth characteristics ("rosette" diameter). Growth development and differences in growth characteristics among lots with different management were evaluated using MS Excel.
RESULTS
Majority of speedwell creeping plants survived the first winter on all lots, regardless the type of management (Figs. 2, 3) . After two years of management, the numbers of plants started to differ. The biggest number of plants survived on grazed lots (except for permanently grazed lots) and on twoharvest lots with fertilizing (Fig. 2) . On the other hand, a quick and big mortality was recorded on mulched lots, one-harvest lots, and lots under permanent grazing. Slender speedwell disappeared on those lots totally (Fig. 3) .
Concerning the diameter of the "rosette", the fastest growing plants were on two and threeharvested lots (130% and 120%), on harvested lots with fertilizing (116%) and on 4-times-a-year in fenced grazing (112%) (Figs. 4, 5) . The smallest expansion shortly after planting was recorded on mulched lots (30%) and on lots with permanent grazing (55%) (Figs. 4, 5) .
At the end of the experiment, the biggest diameters were recorded on two-harvest lots with fertilizing (62%) and on 4-times-a-year in fenced grazing (59%) (Figs. 4, 5) . Slender speedwell survived on two-harvested lots but the plants were small and had the smallest diameters of "rosette" (5%) (Fig. 4) .
In total, 18 plants out of 270 survived ( Table 2 ). The biggest individuals were plants with the "rosette" diameter of 1.01 m and 156 terminals (fenced grazing 4 times a year), diameter of 0.87 m and 155 terminals (grazing 2 times a year), and a plant with an diameter of 0.67 m and 131 terminals (fenced grazing 3 times a year). The most successful lots were harvested lots with fertilizing and in fenced grazing 4 times a year, on which 5 and 4 individuals of plants survived two years of the experiment (Table 2) . 
DISCUSSION
The experiment found that Slender speedwell was able to survive two winters on the lots, and for a short period of time also under certain grass cover managements. The ability of expansion was confirmed for some maternal plants (ŠERÁ 2012) . The number and size of the plants depended on the particular management. A new finding of this experiment proves that Slender speedwell can prosper in grazed covers. For hilly regions, HEJCMAN et al. (2005) recommend grazing at least once a year, but in our experiment Slender speedwell better prospered in covers grazed 3 and 4 times a year, with a lower and more stable height.
Tab. 2:
Characteristics of surviving plants of Slender speedwell in research lots with various management. Marking of treatments corresponds with Figure 1 .
As was previously proved, Slender speedwell prospers in the vicinity of some dicotyledonous species (e.g. Lotus corniculatus) and it usually does not grow near monocotyledonous plants (eg. Agrostis tenuis, Dactylis glomerata, Festuca rubra, Lolium perenne) (ŠERÁ 2012) . The presented experiment shows that Slender speedwell prospered better on grazed lots (except for permanent grazing) than on harvested covers. Within harvested covers, the most suitable were two-harvest lots with fertilizing (Figs. 2, 4) . Dominant species on grazed lots were: Taraxacum sect. Ruderalia, Trifolium pratense, Plantago lanceolata, Cynosurus cristatus, Poa pratensis and Lolium perenne. Harvested lots, where Slender speedwell did not prosper (1 x harvested, 2 x mulched) were dominated by wide-leaf grasses: Arrhenatherum elatius, Festuca pratensis and Holcus lanatus. These discussed the dominant plant species were taken from previous work (KOBES et al. 2013 13  18  135  3  9  300   8  G2  16  36  220  3  11  367   9  G2  11  24  212  2  7  350   10  G2  14  87  613  3  155  5167   11  G2  15  35  240  1  7  700   12  G3  11  34  298  2  8  400   13  G3  10  25  255  2  13  650   14  G3  11  67  588  2  131  6550   15  G4  10  5  51  1  2  200   16  G4  11  23  207  2  12  600   17  G4  10  102  1010  2  156  7800   18  G4  8  39  513  1  85  8500 Rossete diameter Number of peaks (1) Intensity of harvesting and removing phytomass reduces the number of grass species and supports dicotyledonous plants which are less competitive (KLAUDISOVÁ & MUDRA 2004; ŠERÁ 2004) . On pastures, speedwell can be supported when grazing animals step on the plant and press it to the soil (rooting possibility). Grazing animals might as well transport the creeper plants on short distances (plants fall out of their moths before they swallow them). The amount of above-ground biomass is more balanced on grazed covers during vegetation comparing to harvested covers, there are also fewer old plants and more grass species (HAZI et al. 2012; KOHLER et al. 2004) , particularly in fertilized covers (LANTA et al. 2014) .
A similar structure can be found in wetter, medium harvested or mulched grasslands on mildly wet soils, where Slender speedwell often propagates. "Leftovers" after grazing, particularly around solid excrements, providing big amounts of nitrogen (HEJCMAN et al. 2004) , can also have a positive influence on the development of Slender speedwell.
It seems obvious that survival and growth of Slender speedwell is connected with the structure of the cover in terms of species, height and microclimate in the bottom layer of the cover (because of the delicate size of Slender speedwell). Slender speedwell seems to prosper better in medium high covers (see above) with enough light and humidity. Also changes in microclimatic conditions after harvesting the biomass are probably less distinct. Slender speedwell prospers better on localities rich in nutrients (see results about fertilizing and grazing). WEBER & GUT (2004) describe the risk of non-indigenous species planted as ornamental plants and appearing recently on new locations. They are able to survive in more diverse conditions and covers, they are not categorized as weeds and killed with herbicides. Despite its low growth, Slender speedwell is in the risk category III, like Japanese knotweed or giant hogweed.
Survival and growth of plants might have been influenced by climatic conditions as well. Slender speedwell prospers better in colder and humid climate (HARRIS & LOWELL 1980b) . In 2011, the locality of Velký Chuchelec provided good conditions for the growth of Slender speedwell at the beginning of the vegetation period. Later that year, in August, after harvesting and removing the biomass, total rainfall was 50 mm (Table 1 ) and temperatures were above average. Grass localities were thus exposed to temporary dry conditions, which might have caused mortality or growth ceasing of the tested plats at summer and autumn evaluation (Figs. 2, 4) .
Surviving plants were only on some lots and in low numbers (1-5 plants per a treatment, total number of plants 18). The spereading potencial of those plants was enormous, because average number of vegetative peaks per shoot was 38 and summary of the peaks was 688 (Table 2) . Those plants were large and richly ramified, usually with adventitious roots and fertile blossoms (seed germination was not tested, but seeds were probably barren). There is an assumption that apexes are a source of vegetative propagation. Our experiment was run on harvested lots with immediate phytomass removal. Cut parts of Slender speedwell could not have been used. Such experiment brings results which are strictly applied to survival and growth possibilities of the planted individual. Aboveground parts of Slender speedwell regenerate best from apexes (ŠERÁ 2012), and can root more easily (in three days, SCALONE & ALBACH 2012). Taking into account the fact that phytomass is usually left on commonly harvested meadows, invasive potential of Slender speedwell is relatively bigger.
Generally, mesophilic meadows are not largely invaded by neophytes, and have thus a relatively low invasibility (CHYTRÝ et al. 2008) . Slender speedwell is an invasive species, naturalised in harvested grass covers (KAPLAN et al. 2016) . The results of the presented experiment show that not only harvested meadows but also grazed pastures belong to possible biotopes of Slender speedwell. The presented results are of partial character, being a part of a more complex research which includes meadows of various altitudes. All acquired data are being processed and will be gradually published.
